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1 . Title of the Invention 



SPECIFICATION 



Method for Manufacturing Heterogeneous Cation Exchange Membrane 

2. Claims 

A method for manufacturing a heterogeneous cation exchange membrane, characterized in 
that a polyolefin resin is mixed with a finely powdered cation exchangeable substance, the 
mixture thus obtained is molded into a membrane, and this molded membrane is treated 
with hot water, after which a cation exchange resin layer is formed on the membrane 
surface layer or part of the microcracks thus formed. 

3. Detailed Description of the Invention 

The present invention relates to an improved method for manufacturing a cation exchange 
membrane, and more particularly relates to a method for manufacturing a heterogeneous 
cation exchange membrane with a high cation transport number at a high ion concentration. 
One type of ion exchange membrane comprises an ion exchangeable substance finely 
dispersed in a synthetic resin matrix in the form of a membrane, and this has been put to 
practical use as a heterogeneous ion exchange membrane. A heterogeneous ion exchange 
membrane such as this has better mechanical strength than a heterogeneous ion exchange 
membrane produced by forming the ion exchange resin itself into a membrane, but the 
mechanical strength is still not adequate, and various limitations are encountered in actual 
use. For instance, in order to enhance the practicality of a heterogeneous ion exchange 
membrane, it is said that the degree of swelling has to be lowered by raising the degree of 
cross linking so as to strengthen the chemical structure of the ion exchange resin, but this 
sacrifices ion exchange group density, and the specific resistance of the membrane increases 
as a matter of course. The ion exchange membranes that are on the market today undergo 
serious swelling when dipped in an aqueous solution and serious shrinkage when dried 
naturally in air, so much so that the membrane becomes deformed or cracked and cannot be 
put to practical use. Therefore, it is an absolute requirement that the ion exchange 
membrane be stored in a moist state and used at normal temperature, and this poses a major 
obstacle to use in an apparatus. In addition, since such an ion exchange membrane generally 
lacks flexibility, not only are there difficulties when using this ion exchange membrane in 
an ion exchange apparatus, but obstacles are also met in considering use in other 
applications for which [this ion exchange membrane] would be interesting because of its 
ion exchangeability. 

In an effort to solve these problems and manufacture a novel heterogeneous ion 
exchange membrane, a method has been proposed for manufacturing a heterogeneous ion 
exchange membrane by using a polyolefin resin as a matrix, mixing this with a finely 
powdered ion exchangeable substance, molding this mixture, then subjecting this product to 
post-treatment with hot water. This method is disclosed, for example, in Japanese Patent 
Publication 47-24262, Japanese Laid-Open Patent Application 49-43888, and Japanese 
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Patent Application 49-53189. Nevertheless, while a heterogeneous ion exchange membrane 
manufactured by the above method was practical in that it did offer a certain amount of 
performance as an ion exchange membrane for the desalting of aqueous solutions with 
relatively low ion concentrations, its performance was still lacking when it was used as an 
ion exchange membrane for the desalting of aqueous solutions with high ion concentrations. 
Specifically, in an aqueous solution having a high ion concentration, the heterogeneous ion 
exchange membrane prepared by the above method shows an adequately low specific 
resistance, but has at the same time a disadvantage that the ion transport number is 
considerably lowered. 

In the above heterogeneous ion exchange membranes, microcracks are formed due 
to swelling of the ion exchange resin during the post-treatment with hot water, and this is a 
control factor of the performance of the ion exchange membrane. It is surmised that because 
these microcracks are fairly large, water or ions contained therein are the cause of the 
lowered ion transport number at high ion concentrations. 

In view of this, the inventors conducted research aimed at developing a method for 
obtaining a heterogeneous ion exchange membrane that has a high ion transport number 
without greatly raising the specific resistance of the membrane at a high ion concentration, 
and as a result they arrived at the present invention upon discovering the fact that it is 
effective to treat the microcracks that occur during hot water post-treatment of a 
heterogeneous ion exchange membrane with a resin having crosslinked ion exchangeable 
groups. 

Specifically, it is an object of the present invention to provide a heterogeneous ion 
exchange membrane with a high cation transport number at a high ion concentration, and 
this object can be achieved by a method for manufacturing a heterogeneous cation exchange 
membrane with a high cation transport number at a high ion concentration, characterized in 
that a polyolefin resin is mixed with a finely powdered cation exchangeable substance, the 
mixture thus obtained is molded into a membrane, and this molded membrane is treated 
with hot water, after which a cation exchange resin layer is formed on the membrane 
surface layer or part of the microcracks thus formed. 

Polyolefin resins that can be used as the matrix resin here include ethylene 
homopolymers, propylene homopolymers, copolymers primarily consisting of ethylene or 
propylene, and copolymer mixtures primarily consisting of one of these olefin 
homopolymers or copolymers. 

Any finely powdered cation exchange resin can be used, but the preparation thereof 
is carried out as follows, for example: 

(A) An aromatic compound that has vinyl groups allowing for the easy introduction 
of cation exchange groups is subjected to suspension copolymerization in an 
aqueous medium with a compound that has two or more unsaturated bonds per 
molecule and that can be polymerized with this aromatic compound, the 
copolymer beads thus obtained are treated with a sulfonation agent, and the 
cation exchange resin beads obtained in this manner are mechanically 
pulverized. 

(B) An aromatic compound that has vinyl groups allowing for the easy introduction 
of cation exchange groups is subjected to emulsion polymerization in an 
aqueous medium with a compound that has two or more unsaturated bonds per 
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molecule and that can be polymerized with this aromatic compound, and the 

finely powdered copolymer thus obtained is treated with a sulfonation agent to 

obtain a finely powdered cation exchange resin. 
(C) A cation exchange resin whose matrix is a copolymer of a phenol compound 

and formaldehyde is mechanically pulverized. 
Examples of the "aromatic compound that has vinyl groups allowing for the easy 
introduction of cation exchange groups" referred to here include styrene, vinyltoluene, 
ethylvinylbenzene, oc-methylstyrene, vinylnaphthalene, and derivatives of these. These 
compounds can be used singly or in combination. Divinylbenzene is generally used as the 
"compound that has two or more unsaturated bonds per molecule and that can be 
polymerized." 

The mixing ratio of the polyolefin resin and the finely powdered cation exchange 
resin is determined as dictated by the intended use of the finished product, but is generally 
2:8 to 8:2 by weight, with a preferable range being 4:6 to 7:3 by weight. The mixing of the 
polyolefin resin and the finely powdered cation exchange resin can be accomplished by any 
method that allows the two components to be mixed uniformly, but kneading is generally 
performed using a roll or an extruder. Particularly desirable is thorough kneading at a 
temperature over the melting point of the polyolefin resin. Other auxiliary components such 
as antioxidants, colorants, fillers, and lubricants can be added as needed during this 
kneading or at any other stage. The obtained mixture is then moldedlnto a film or sheet 
under suitable conditions in an ordinary roll or press. The plasticizing step that comes 
before the molding work can be replaced by the step in which the above-mentioned 
components are kneaded. 

The film-shaped article manufactured in this way is subjected to a post-treatment 
with hot water at 60°C or higher, and preferably 70°C or higher. The hot water treatment is 
performed in the present invention in order to increase the swelling of the ion exchange 
resin as much as possible for the purpose of lowering the specific resistance and minimizing 
changes over time as the product is used. It is therefore preferable for the hot water used in 
the treatment not to contain any soluble substances, but if it is necessary to control the 
formation of microcracks, an acid, an alkali, or a salt such as sodium chloride can be added 
to the hot water. 

A cation exchange resin layer is then formed on the membrane surface layer or the 
microcracks in the ion exchange resin membrane that has undergone this treatment. This 
cation exchange resin layer can be formed, for example, by a method in which a polymer 
that has cation exchangeable groups, such as a polymer of acrylic acid, or a polymer that has 
groups allowing the introduction of cation exchangeable groups is dissolved in a solvent, 
and [this solution] is then applied to the ion exchange resin membrane by a suitable means 
such as dipping, after which [this coating] is crosslinked by irradiation, or by a method in 
which a cation exchangeable monomer and a crosslinking monomer are applied and then 
polymerized, or a monomer suited to the introduction of cation exchangeable groups and a 
crosslinking monomer are applied and polymerized, and cation exchange groups are then 
introduced. The latter method, which starts from monomers, is preferred, however. 

Specifically, the combination of monomers can be broadly classified into two 
groups as follows. 
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(A) Monomers having cation exchangeable groups and crosslinking monomers, and 
in some cases reactive or non-reactive solvents that are miscible with both of the 
above monomers. 

(B) Monomers suited to the introduction of cation exchangeable groups and 
crosslinking monomers. 

Any groups able to undergo cation exchange can be employed as the cation 
exchangeable groups, but sulfonic acid groups are preferred for the purpose of preventing an 
increase in specific resistance. Examples of monomers having cation exchangeable groups 
include acrylic acid, acrylic salts, acrylic esters, methacrylic acid, methacrylic salts, 
methacrylic esters, styrenesulfonic acid, styrenesulfonic salts, styrenesulfonic esters, 
vinylsulfonic acid, vinylsulfonic salts, and vinylsulfonic esters. 

Styrene is generally used as the monomer suited to the introduction of cation 
exchangeable groups. A known method, such as sulfonation by sulfuric acid or 
chlorosulfuric acid, can be used as the method for introducing the cation exchangeable 
groups after polymerization. 

Meanwhile, divinylbenzene, a dimethacrylate, methylenebisacrylamide, or the like 
can be used as the crosslinking monomer. If the monomer having cation exchangeable 
groups and the crosslinking monomer are not miscible, then it is better to conduct the 
reaction as a uniform system by using acrylic acid, methacrylic acid, or another such 
reactive monomer and/or water or another such non-reactive monomer. 

A substrate membrane is impregnated with the above-mentioned combination of 
monomers, after which polymerization is conducted, and the polymerization method can 
involve the use of ultraviolet rays, heat, radiation, or the like. When UV rays are used, 
however, a known benzoin compound, a benzophenone, a mercaptan, or the like must be 
used as a photosensitizer, and when heat is used, a peroxide, an azo compound, or the like 
must be used as a polymerization initiator. In view of the heat resistance of the substrate 
membrane, that is the heat resistance of the polyolefin, the polymerization temperature 
should be 100°C or lower, and preferably 80°C or lower. Accordingly, the initiator used 
when thermal polymerization is conducted should be one that will decompose at this 
temperature, examples of which include benzoyl peroxide, lauroyl peroxide, diisopropyl 
peroxydicarbonate, tert-butyl peroxypivalate, and azobisisobutyronitrile. 

After polymerization, [the product] is washed with methanol and then with water in 
order to remove the monomers. In some cases, a post-treatment with hot water is performed 
once more after this. 

A heterogeneous cation exchange membrane obtained in the above manner will 
have a greatly increased ion transport number without any loss of the specific resistance of 
the membrane in an aqueous solution with a high ion concentration. 

The present invention will now be described in further detail through working 
examples. The present invention is not limited to these working examples, and 
modifications can be made within the scope of the present invention. All parts and 
percentages in the working examples are by weight. 

Comparative Example 1 
8 parts of divinylbenzene (55% purity) was added to 92 parts of styrene, and copolymer 
particles were obtained by suspension polymerization using benzoyl peroxide or the like as 
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a catalyst. This product was sulfonated with fuming sulfuric acid to obtain a strongly acidic 
cation exchange resin. This strongly acidic cation exchange resin was ground to a grain size 
of 325 mesh or less in a vibrating ball mill. This resin had a total exchange capacity of 4.5 
meq/g on dry base. 40 parts of polypropylene (MI = 10) powder was added to 60 parts of 
this ground strongly acidic cation exchange resin and subjected to thorough agitation and 
mixing, after which this mixture was sheet-molded to obtain a molded membrane (A). This 
molded membrane (A) was soaked for 30 minutes in 95°C hot water, which yielded a 
heterogeneous cation exchange membrane (B). The thickness of this cation exchange 
membrane was 0.38 mm, the ion transport number was 0.76, and the specific resistance was 
150 £1 • cm. 

Working Example 1 

A solution composed of 51% potassium styrenesulfonate, 24% acrylic acid, 25% 
methylenebisacrylamide, 2%/monomer benzoin methyl ether, and 70%/monomer water was 
prepared and made into a homogeneous system at 50°C, after which the heterogeneous 
cation exchange membrane (B) was immersed in this solution, and after ^eaeration, this 
product was irradiated for 10 seconds at an irradiation distance of 10 cm using a Type 1-20 
high pressure mercury vapor lamp made by JEOL (output: kW, lamp length: 25 cm), which 
yielded a modified membrane. The thickness of this membrane was 0.45 mm., its ion 
transport number was 0.94, and its specific resistance was 230 £1 • cm. This membrane was 
soaked for 30 minutes in 95°C hot water, after which its thickness was 0.43 mm, its ion 
transport number was 0.93, and its specific resistance was 180 £1 ■ cm. 

Comparative Example 2 

An ion exchange resin layer was formed under the same conditions as in Working 
Example 1 prior to the hot water treatment of the molded membrane (A), after which this 
product was soaked for 30 minutes in 95°C hot water. 

The thickness of this cation exchange membrane was 0.40 mm, its ion transport 
number was 0.78, and its specific resistance was 160 £1 ■ cm. 

Working Example 2 

Other than using sodium vinylsulfonate in place of the potassium styrenesulfonate, a 
cation exchange membrane was obtained by the same method as in Working Example 1. 
This membrane was soaked for 30 minutes in 95°C hot water, after which its thickness was 
0.39 mm, its ion transport number was 0.86, and its specific resistance was 170 £1 • cm. 

Working Example 3 

Other than using ethylene glycol dimethacrylate in place of the 
methylenebisacrylamide, a cation exchange membrane was obtained by the same method as 
in Working Example 1. This membrane was soaked for 30 minutes in 95°C hot water, after 
which its thickness was 0.40 mm, its ion transport number was 0.88, and its specific 
resistance was 230 £1 * cm. 

Working Example 4 
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Other than using 9% methylenebisacrylamide and 16% ethylene glycol 
dimethacrylate in place of methylenebisacrylamide alone, a cation exchange membrane was 
obtained by the same method as in Working Example 1 . This membrane was soaked for 30 
minutes in 95°C hot water, after which its thickness was 0.42 mm, its ion transport number 
Was 0.90, and its specific resistance was 220 Q. • cm. 

Working Example 5 

The heterogeneous cation exchange membrane (B) was immersed in a solution 
composed of 92% styrene, 8% divinylbenzene, and 2%/monomer benzoin methyl ether, 
after which this product was irradiated for 20 seconds using the same irradiation apparatus 
as in Working Example 1. This membrane was sulfonated for 6 hours at 40°C in a solution 
composed of 83% sulfuric acid (98%) and 17% tetrachloroethane. This membrane was then 
soaked for 30 minutes in 95°C hot water, after which its thickness was 0.44 mm, its ion 
transport number was 0.88, and its specific resistance was 230 £2 • cm. 

Working Example 6 ~~ 

The heterogeneous cation exchange membrane (B) was immersed in a solution 
composed of 51% potassium styrenesulfonate, 24% acrylic acid, 25% 
methylenebisacrylamide, 1%/monomer ammonium persulfate, and 70%/monomer water, 
and after deaeration, this product was polymerized for 4 hours at 80°C to obtain a modified 
membrane. This membrane was soaked for 30 minutes in 95°C hot water, after which its 
thickness was 0.43 mm, its ion transport number was 0.85, and its specific resistance was 
160 £2 • cm. 

Working Example 7 

A solution composed of 51% potassium styrenesulfonate, 24% acrylic acid, 25% 
methylenebisacrylamide, and 70%/monomer water was prepared and made into a 
homogeneous system at 50°C, after which the heterogeneous cation exchange membrane 
(B) was immersed in this solution, and after deaeration, this product was irradiated with a 
one-megarad electron beam to obtain a modified membrane. This membrane was soaked for 
30 minutes in 95°C hot water, after which its thickness was 0.42 mm, its ion transport 
number was 0.90, and its specific resistance was 200 Q. • cm. 

Working Example 8 

A solution composed of 75% acrylic acid, 25% methylenebisacrylamide, and 
2%/monomer benzoin methyl ether was prepared, after which the heterogeneous cation 
exchange membrane (B) was immersed in this solution, and after deaeration, this product 
was irradiated for 20 seconds using the same irradiation apparatus as in Working Example 1 
to obtain a modified membrane. This membrane was soaked for 30 minutes in 95°C hot 
water, after which its thickness was 0.42 mm, its ion transport number was 0.92, and its 
specific resistance was 350 Q. • cm. 

Working Example 9 

The heterogeneous cation exchange membrane (B) was immersed in a polyacrylic 
acid aqueous solution (polyacrylic acid:water - 1:1); and after deaeration, this product was 
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irradiated with a one-megarad electron beam to obtain a modified membrane. This 
membrane was soaked for 30 minutes in 95°C hot water, after which its thickness was 0.41 
mm, its ion transport number was 0.87, and its specific resistance was 320 £1 • cm. 

Note 1: The ion transport number was calculated from the membrane potential generated 
between a 0.5 N sodium chloride aqueous solution and a 0.005 N sodium chloride aqueous 
solution when the two aqueous solutions were separated by the membrane. 

Note 2: Specific resistance was calculated from the electrical resistance (£2 • cm) exhibited 
by the membrane when an alternating current was passed through a 0.5 N sodium chloride 
aqueous solution. 

Agent: Akira Uchida 
Agent: Koichi Akihara 
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